INTRODUCTION
============

Breast cancer survival and disease-free periods have experienced improvement with advancements in diagnostic methods and treatment modalities. However, breast carcinoma is the most common malignancy in women in Western countries \[[@B1]\]. In Korean women, breast cancer is the second most common types of cancer and the leading cause of death \[[@B2],[@B3]\]. One of the considerable reasons for this increased incidence would be an aging population and changes in lifestyle \[[@B4],[@B5]\]. Worldwide, more than one-half of breast cancers cases occur in women over the age of 60 years \[[@B6]\]. Definition of \"older people\" or \"elderly\" is somewhat arbitrary. Although some developed countries have accepted the chronological age of 65 years as \"elderly,\" United Nations and World Health Organization have agreed cutoff of 60 years to refer to the older population \[[@B7]\]. Older women represent the fastest growing segment of the population in Asia, with a resultant increase in the number of diagnosed cases of breast carcinoma in older women \[[@B2],[@B8]\].

Although the number of older women with breast cancer is increasing, treatment guidelines for this segment of the population are less definitive than for younger patients. Moreover, breast cancer treatment in older women is influenced by a number of misconceptions \[[@B9]\], and considerable controversies exists about cancer aggressiveness and treatment policies \[[@B10]\]. Along with having multiple comorbid conditions, less social support, poor performance status and lower life expectancy, older patients are more likely to receive substandard care for breast cancer \[[@B11],[@B12]\]. In addition, older women are less commonly included in clinical trials, and this lack of data might result in less aggressive treatment. Consequently, chemotherapy guidelines for older breast cancer patients are less definite than guidelines for younger patients, even when randomized clinical trials have demonstrated the efficacy of adjuvant chemotherapy \[[@B13],[@B14]\]. Although several studies have demonstrated that providing older women with chemotherapy has beneficial effects on survival \[[@B13],[@B15]\], older women are less likely to receive adjuvant chemotherapy regardless of the stage of breast cancer \[[@B16],[@B17]\].

According to statistical projections, Korea is entering quickly into the category of aging society and experiencing low fertility rate, so an increased rate of breast cancer is expected, especially in older age groups \[[@B18],[@B19]\]. Compared to Western patient populations, Korean patient populations have many parallels as well as known differences in host disease and epidemiological characteristics. However, only a few studies have been conducted on older breast carcinoma patients, including on treatment methods, with accompanying outcomes. For this reason, in the present report, we assessed the characteristics, treatment and follow-up results for Korean women older than 55 years. In particular, we compared the relationship between adjuvant chemotherapy and survival.

METHODS
=======

Patient selection
-----------------

We evaluated 1,054 breast cancer patients aged 55 years and older, who were referred for surgery at the Samsung Medical Center between August 1995 and November 2006. Patients satisfying the study criteria were women 1) without preoperative distant metastasis and neoadjuvant chemotherapy; and 2) with equal to or higher than T1 breast cancer stage according to the seventh edition of tumor, node, metastasis system (TNM) by the American Joint Committee on Cancer (AJCC) \[[@B20]\]. We identified 832 cases appropriate for inclusion and assessed clinicopathologic features and follow-up results using our hospital\'s electronic database. Patients were divided into three comparison groups based on age: 55 to 59 years, 60 to 69 years, and ≥70 years.

Research methods
----------------

Data were extracted on the following variables: patient\'s age, tumor grade, resection margin, lymphovascular invasion, TNM system, hormone receptor status, HER2/*neu* status and details of treatment with surgery, chemotherapy, radiation and hormonal therapy. Receipt of chemotherapy was defined as receipt within 6 months after diagnosis. Disease-specific survival (DSS) and overall survival (OS) were measured as the time from breast cancer diagnosis until death as a result of a breast cancer-related cause (e.g., cancer-specific mortality, CSM) and as a result of an all-cause, respectively, or until date of last follow-up.

The tumor specimens were evaluated for estrogen and progesterone receptor status by standard immunohistochemistry, and tumors were considered receptor-positive if more than 5% of cells showed nuclear staining or if they scored equal to or higher than 3+ on the Allred scoring system. HER2 status was determined on tumor tissues using anti-HER2 polyclonal antibody and tissues were considered receptor positive if the staining intensity was 3+. Scores of zero or 1+ were negative and scores of 2+ were further evaluated with fluorescence *in situ* hybridization.

Statistical analysis
--------------------

Descriptive analyses were performed to explore clinicopathologic characteristics and treatment methods based on the subgroup. Pearson\'s χ^2^ test or the Kruskal-Wallis test was used to compare the use of adjuvant chemotherapy and each covariate based on the age group. We used the Kaplan-Meier method and the log-rank test to estimate DSS between the three groups. For multivariate analysis, Cox-Hazard regression method was performed.

Data were analyzed using Microsoft Excel 2007 (Microsoft, Redmond, USA). Statistical analyses were performed using PASW Statistics 18.0 (SPSS Inc., Chicago, USA). Reported *p*-values are two-sided and statistical significance was set at *p*\<0.05.

RESULTS
=======

Patients and tumor characteristics
----------------------------------

This retrospective cohort study included 832 patients. The median age of the patients at the time of diagnosis was 61 years (range, 55-84 years) and the median follow-up period was 68 months (range, 1-179 months). The mean tumor size was 23.3 mm (range, 1.0-145.0 mm). Out of the 854 patients, 354 (42.5%) were between 55 and 59 years of age, 378 (45.4%) were between 60 and 69 years of age, and 100 (12.0%) were either 70 years or older. Patient\'s characteristics by age group are given in [Table 1](#T1){ref-type="table"}.

Tumor size distribution was not significantly different among each age groups (*p*=0.938). Tumor histology, grade and stage were similar in the all age groups (*p*=0.357, *p*=0.421, and *p*=0.932). The proportion of women with hormone receptor expression increased with age. For example, 55.8% of patients aged ≥70 years showed positive expression of the progesterone receptor when compared with 40.8% of patients aged between 55 and 59 years (*p*=0.027). For estrogen receptor expression, a larger percent of patients with age ≥70 years had a high degree of expression (age 55-59 years, 60.1%; age 60-69 years, 66.8%; age over 70 years, 69.5%), but it was not significant (*p*=0.094).

Treatment methods according to age groups
-----------------------------------------

[Table 2](#T2){ref-type="table"} shows treatment methods according to age group. Patients in the elderly group received mastectomy more often than younger patients (age over 70 years, 69.0%; age 60-69 years, 63.2%; age 55-59 years, 50.3%; *p*\<0.001). As expected, the use of radiation treatment declined with increase in age (*p*\<0.001). The proportion of patients, who were treated with chemotherapy, was also decreased in elderly group (*p*\<0.001). Although more patients in elderly group were treated with hormone therapy (age over 70 years, 74.0%; age 60-69 years, 69.6%; age 55-59 years, 64.2%), this differences were not statistically significant (*p*=0.110).

Outcomes
--------

After a median follow-up of 68 months, there were occurrence of 98 cases of breast cancer-related death and 108 cases of all cause death. The 5-year cumulative CSM incidence was 8.5±1.1% (standard error, 0.5%). For patients aged between 55 and 59 years, the 5-year cumulative CSM incidence was 7.0±1.5% when compared with incidence of 7.5±1.5% for 60 to 69 years group, and 18.8±4.7% for the patients aged 70 years and above ([Figure 1](#F1){ref-type="fig"}). Clinicopathologic characteristics according to use of chemotherapy are described in [Table 3](#T3){ref-type="table"}. Chemotherapy group had aggressive prognostic factors including poorer tumor grade and high T, N stage. To exclude potential confounders, databases were adjusted for tumor size, histology, tumor grade, nodal status, presence of lymphovascular invasion, expression of estrogen receptor and use of hormone therapy. [Figure 2](#F2){ref-type="fig"} shows the adjusted DSS and OS in total patients and age-related subgroups. In the overall age group, patients who received chemotherapy had a significantly increased DSS rate (*p*=0.022) than the non-chemotherapy group. For all subgroups, the patients with chemotherapy had a tendency to have a better DSS rate; however this was not significant (age 55-59 years, *p*=0.420; age 60-69 years, *p*=0.140; age over 70 years, *p*=0.554). Similar with DSS, overall age group (*p*=0.006) and 60 to 69 years group (*p*=0.025) showed significant survival benefit of chemotherapy, however, no statistical significance was observed in both 55 to 59 years group and over 70 years group (*p*=0.256 and *p*=1.000, respectively).

We subdivided each age group based on hormone receptor expression. Among the estrogen receptor-positive group (n=511), the chemotherapy group (n=292) showed better DSS than the non-chemotherapy group (n=219) in the overall population and in the 60 to 69 age group; however this was not significant for the overall population and each age group (overall, *p*=0.311; age 50-59 years, *p*=0.221; age 60-69 years, *p*=0.094; age over 70 years, *p*=1.000) ([Figure 3](#F3){ref-type="fig"}). [Figure 4](#F4){ref-type="fig"} shows adjusted DSS and OS rates in estrogen receptor-negative groups. In the overall population (n=285), use of chemotherapy (n=232) was found to be significantly associated with a better DSS rate than non-chemotherapy treatment (n=53, *p*=0.004). Moreover, the 55 to 59 years group and the 60 to 69 years group showed DSS benefits with chemotherapy (*p*=0.005 and *p*=0.018). Although there was no statistical significance in the over 70 years group due to the small sample size (*p*=0.277), recipients of chemotherapy in this group also showed a better DSS rate. Adjusted OS rate in estrogen receptor negative group were found to be similar with DSS rate. There were significant survival benefit of chemotherapy in overall age group (*p*=0.011) and 55 to 59 years group (*p*=0.016). In 60 to 69 years group, patients who were treated with chemotherapy showed a tendency of an increase in OS (*p*=0.062).

DISCUSSION
==========

Aging is a major risk factor for the development of new breast cancer \[[@B5]\]. Unlike in Western countries, diagnosis of breast cancer in Korean women peaks in the 45- to 49-year age group. Although the breast cancer incidence has doubled in the last decades, peak age has remained same \[[@B21]\]. However, in Korea, the number of people aged 60 years and above has increased, and the Korean population is expected to enter an aged society in the near future \[[@B18]\]. Consequently, there will be more incidences and cases of cancer in older Korean women. Until now, few studies have reported treatment and consequent survival in older women, especially in Korean population. Therefore, in the present report, we describe treatment patterns and the efficacy of adjuvant chemotherapy in Korean elderly people. This study compared characteristics and treatment between three age groups (55-59 years, 60-69 years, and ≥70 years old) and analyzed adjuvant chemotherapy and survival rate in Korean women with breast cancer.

Korean patients have different ethnic features and life style when compared with American patients. Beside peak age of the disease, Korean women have more dense breast than American women \[[@B22]\]. High breast density has been suggested as a risk factor of breast cancer \[[@B23]\]. Other differences in Korean women such as early age at menarche, late age at menopause and late age at first full term pregnancy leads to changes in the breast tissue susceptibility to hormonal stimulus and increases the risk of cancer development and progression \[[@B24]\]. Not only racial difference, but aging is another distinctive feature in breast cancer aggressiveness and treatment. Aging itself is a major risk factor for the development and prognosis of breast cancer \[[@B5],[@B25]\]. In general, breast cancer-specific survival in elderly patients is poorer when compared to younger patients. The reason for poorer survival is complicated and may be related with advanced stage at diagnosis, lower rates of screening, less aggressive treatment due to multiple or severe comorbidities and poorer general health status \[[@B25]\]. Considering the distinctive characters of Korean elderly people, we have described clinicopathologic characteristics, treatment patterns and the efficacy of adjuvant chemotherapy in Korean elderly people.

We observed no statistical differences in histology, tumor grade and stage, even in elderly patients. Infiltrating ductal carcinoma was the most common histologic type in all groups. Although differences were not significant, mucinous carcinoma was noted about 7% in the over 70 years group. Mucinous carcinoma represents only 1% of breast cancers in premenopausal women, however, this type of breast cancers is seen more frequently in postmenopausal women (4% to 6%) \[[@B10]\]. In this study, cancer in the older patients more commonly expressed hormone receptors, as has also been reported in other reports \[[@B5],[@B26]\].

In general, older women are less likely to undergo breast-conserving surgery, radiation therapy, and adjuvant systemic therapy \[[@B11],[@B12]\]. Our results showed similar results with respect to patterns of treatment. As has been previously described, no significant differences in cancer stage were observed between the three age groups, however, older patients received less aggressive management than younger patients. The reason for this different treatment pattern may be multifactorial. The first possible explanation is the presence of multiple comorbid conditions. In our hospital, surgeons and oncologists determined treatment methods on case-by-case basis. Along with the high incidence of comorbidities, patient preference, degree of independence and patient access to hospitals were included in our treatment decisions. General function and socioeconomic status of patients might also be a reason for the observed differences in treatment pattern.

In this study, we compared the DSS rate for patients, who did and did not receive adjuvant chemotherapy. Chemotherapy improved the survival of postmenopausal patients. The results of our survival analysis were similar to previously published reports on patients in Western countries \[[@B15],[@B27]\]. Our results describe a benefit for adjuvant chemotherapy in improving breast cancer-specific survival in Korean women. Moreover, in all age groups, hormone receptor-negative patients had survival benefits from chemotherapy. The survival benefit of chemotherapy in hormone receptor-negative patients implies two meaningful values. First, these patients had no adjuvant systemic treatment besides chemotherapy because hormonal treatment is not effective for hormone receptor negative cancers \[[@B15],[@B28]\]. Second, because of the ineffectiveness of hormone therapy, many clinicians do not recommend hormonal treatment for these patients. Therefore, hormone treatment did not confound the relationship between chemotherapy and survival.

This study has three limitations resulting from the retrospective and uncontrolled study design. The two groups divided on the basis of chemotherapy were different from each other with respect to clinical characteristics and disease aggressiveness. Because the chemotherapy groups had higher tumor grades and advanced cancer stages, we adjusted for these different clinical characteristics with multivariate analysis (e.g., Cox-Hazard regression method) for an unbiased statistical interpretation. Another limitation is that we could not fully evaluate the comorbidities of the breast cancer patients and the decision making process of use of chemotherapy because of retrospective study design and insufficient hospital electronic records. Generally, clinicians tend to recommend a less aggressive treatment including adjuvant chemotherapy for patients with multiple or severe comorbidities. These limitations might result in bias for patient selection and for analysis of the survival benefit from chemotherapy. For avoiding these confounding factors, we compared not only OS rate but also breast cancer-specific mortality as an endpoint. Our patients experienced 98 cases of cancer-specific mortalities and 108 cases of all cause mortalities. After adjusting clinical factors using multivariate analysis, DSS and OS showed similar results that chemotherapy attributed to increased survival in overall patients and hormone receptor negative patients. Finally, the oldest age group (≥70 years old) had a small sample size. As has been previously described, receipt of chemotherapy in patients over 70 years of age with estrogen receptor-negative cancer had better survival rates; however, this result was not significant because of the small number of patients in this group. We could not provide the statistical significant benefit of adjuvant chemotherapy in over 70 years group, although 70 years is the commonly used cutoff age amongst the oncologists \[[@B29]\].

This study describes the benefits of adjuvant chemotherapy in Korean women with hormone receptor-negative breast cancer. Our study found similar clinicopathologic features between age groups, hence age alone should not be considered as a determinant of treatment methods. Despite limitations including retrospective study design and insufficient information on the general health status of patients, this study suggests important implications for the establishment of breast cancer treatment guidelines and future prospective trials for elderly Korean patients. We hope that future studies will be focused on the survival benefits of chemotherapy with large prospective studies for older Korean women.
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